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mm^] mmm 

^dismmmimtimm-^tix\i^^z}it:nmt.'t^^mii^mm. 

mmiy--^m'^mzi5i'}^mm^m^(D^m^^timmizMm.^n. mmiu 
mm^tm^mi^ i)mit $ n t ^ ^ ^mmim t^m^x^^^^zn^nm^t^^ 
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mmmm(D±<DmmmmMm^m<mmizmmui mmitm^mi^mtim 
it-^nxfjt^ mmmmm ^m^-t^ m^mm^^jin t. , 

ff- hmmm^:LUh^-^i^\zm^xy<^^ z.t.^mmi^ ^m^mQizmmo)^ 

B&fHiii mmim^mii^Miz. mm mmm^mwm\zm^-^t\^^m.m(Dm 

mm^n r^mmm ^ ^ ^ u r tui b 1 1 1 mmitm^m^m ^m^t-t^zt.iz 
J:*;, mmmm<D±<Dmm:^^^-(^mm<Dm:^<Dmmizmmn mm^tm^^m 
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cfcu, mmm(D±(Dmm^-^v \^nmmmm.mzmmin muitm^mwmfim 
[11^^14] mtmimmmx.m-t. mum mmtm^mp^m\zn\^ 

T -f ;r > A =f? ^ V > ^ ^i'J e> 5: ^ e» ti^ ^ ^ #^ -r -5 

t«IB b - if (C It ^ frflBi^ ig#l (Z) M)^® 5: 3 ffl -r e i: , 

m^mi 6] mtm^mm^jimt. mmm mm^tm^mi^m^mm 
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[0 0 0 1] 

^mmit. -15^1 n^A lyG aj_j^_y N (O^x^l, O^y^l, 0^ 

x + y^i) x^mt>^n^ui mmtm^mi^fj^^^jt^i^mi^mmizmi^. mz 

[0 0 0 2] 

V (G a N) ^it^m^mmt. m^<DAy \^mmM'fismMMW'X-&^)Kr> 

A> K^-V . 9 5 e V~ 6 e V^-r'j£^H{Ct);toT^fbt--5)fei*, L 

[0 0 0 3] 

^SMMMcDACf-^A-f LTt)^M-?r^-5o AlGaN 

/G a N:^)^^)^^/\7^^g^-^«^t«, 1 X 1 0 ^ Y / cuilZt^XM 

, ii^tiSV^2^ (GaAs) CD 2 #Jf^_t:<D«^-iiM Sr^-T-S :^«?), ^^CD^M^b 

[0 0 0 4] 

III i^^fb^^^^^tt, im7bm<Di/V ny (Si) v^-i? A (Ge 

) nM h 5: F- :/-r-5 31 i: JC J: U nM#'ffi$:5t^3 ^, 

«l?-^^hv>i:;^'^^ (FET) ^(Z)MBBA':|lI^tlTV^-5„ ^fe. III mUitm 

^mmt. um7iim(D'T^%iy'0 u (Mg) , ytU'^A (Ba) xii;!j;i/2/':7A 

(C a) ^7!)^^?&-5 pMK-A^ h $: K- :^t- -5 ^ IC J: U p M^-ffi 5:^1-3 ^ 
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GaN/GaN^HEMT(High Electron Mobility 
Transistor) tt^Jt:<^ti^nX\/^^o 
[0 0 0 5] 

J^T, "^^(DA 1 G a N/G a N^H EMT{CO^^Ta®$:#fl^UJ&:*^^m0^ 
[0 0 0 6] 

11123 (a) ^t>*E|23 (b) tit^^jf^® A 1 G a N/G a N^H EMT7?^o 
T, (a) (b) (a) 

«^^^LTV^S„ 02 3 (a) MMZS (b) {C^t-J:e)fC, ^>U=l>:5!j- 
A-f K (S i C) 3b^?>^Sa^l 0 lCD_hlC«, ||1®HEMT 1 0 0Ai:||2 

®HEMT 10 0 B S^i 0 1^ h^yi:^::^^ ^kuz^y-^rti LX^m^t 
^f^ify(D^^=y>(-fmMc. 110 $:|5gTT?^fi&$tlTV^•g)„ 
[0 0 0 7] 

1^1 ©HEMT 1 0 0 A;S:tKI|2(^HEMT 1 0 0 Bli, ^tl^tl, 1 0 

1 <D±.\ZW(.^ht=.G aints^ibt^^J^vVrM 1 0 2(D_htC?^^$tl, A 1 G a N 
/GaN(7)^7^n^-^M;6^^-9-x^y^>^*$tlT;&S?S'f4M^l 0 3 $:*LTV^ 

[0 0 0 8] 

1 0 3 (Z)±tctt, 1 0 3 3 h ^mm-t^^~ h« 

Ml 0 4 i:, ^>?f- h«Mi 0 A(D^- v-StisMcDnm^hmm^^^K-Dm 
'mm.1 0 3 t^ti^M-^v ^mm-t^-t-^v ^mmi o 5 

[0 0 0 9] 

^^SffiflJIlcl 0 3(Z)±:^^t>'^(DMjaSPtt>?f- h«Ml 0 4^t>*;r-^ ^« 

=^1 0 ^^^i^x±mKt>r=.'Dxmmmi 0 6{cj;u^*3tiT^3u, ^mmmi 

0 6(7)±{C{i, hll@l 0 A^XS^:^-^ ^y ^«M1 0 5 ll^t\,^t\,n% 

«4ii 0 1 tim\^-t^^r)\zm.mummi o 8^cj;^;s^3tlTv^e„ 

[0 0 10] 
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hnmi 0 4(7)?^^$:^^^C^S^A?)^C|g^■j•e>4^TV^-5o 
[0011] 

il^?>X\ 0 2 3 (a) iZ^-r^OiZ^ y-h«Ml0 4li. /^°^yFli@10 
7 ilg^M^^X-Saf^mLgP 10 4a $:|gl^Si^x5|7b'^feS^«b, ¥~ hMmi 0 4 
liMMJgic 10 3 <D±tz:HX'r£< , ^ ^ > ^ic i U mm LfcGaN*^^;^ 

SA«y:7TMi 0 2 0±Jct;?^^$n-So 

[0 0 12] 

mmtimm Lxvut^ mm] 
4 a hA^y :7T® 1 0 2 t.it±mim^mi^t.(DmM. ^^t>^^iyB^y h^mmt. 

^<mmh. h^yp:^^!f^'B<D^^t^B\^m:r.-to 

[0 0 13] 

G aN-fy^ibf£^Ayyrmi 0 2 1 0 6 }l<D^m'&.tl^-ti^Xlt 

^V%fe4?), Ilfe^j^l 0 6±{C?^^$tlTVA-g,7\°^y K«^l 0 7 ®C-ri'3^<>T'>r 

[0 0 14] 

$^{C, S i Cfj^i^fjt^mmi 0 l^r>'G aN^4^#^liVN-rtl=fe^,S;()^ffi< 

, s i^Ga A s tit^X^^y:^i^m<Dr=.i^(D:^i7^-^:fmM^n^£o :i^tim 

tbxmmx^^a 'e(Dt=.tt>. y.^^^y^mizm^mi^i o sizm-t^^o^^^^ 
y ^tim^Lxm^vti^mrLr^ij. y^^^^y^mmi i o oyj5:m<Dmmumm 

[0 0 15] 

III mmitm^^miiin^mmLxrjt^U'-'^mi^i^^m^^tc^mi^iy-^ 
m^izit. -miz-i)-yr^rf3^^t^^mwLti^m^^^n^. -^ryr-^r^mmzm 
v^-g,^^{c^i, '^yT^rt.m'^y7>(r±izmm^tir=.u--ifm^^^ti(DmM 
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M^tt 5: ^ST $ it U f -5 V N e) r^S "2) = 
[0 0 16] 

So 

[0 0 17] 

a 

[0 0 18] 
[0019] 

^i®ifs#^^sjcj:si:, mM±izis^f^ifsmMm(Dmmmzmm^n, u 

[0 0 2 0] 
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[0 0 2 1] 

ti. III mmtm^mii^iimitt:i[\.xr^^ummitm-kmxx\^^. 

[0 0 2 2] 

m^m-ox \f^^mmmt>mti^nrc u , m^j^^fi^ic ^^^^ l ;t u -r-s 

[0 0 2 3] 

^nxfjt^mBm^tmi}^m^^nx\f^ao 

[0 0 2 4] 

i^t)^m^t-^nxf£^mmm^tmti^mm^nx\^^^r^!^. in mm^tm^mi^n^ 
(Dmmmmmt(Du^^mitiyvm/m^m^j:v^i<^^\^^(Dx% A°^y 

[0 0 2 5] 

*^^{c^^S4®^^#:^ei±, »«<D±{c?^^$ti, ^i$c(Z)iii mm^tm 
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[0 0 2 6] 

<j^-5„ ^®±, III mmt!^^mi$^^m.mmit^i±x^^^r=.i^. ^mn-h<D 

[0 0 2 7] 

mm^^< mm tci 1 1 mmitm^mi^m i:>mit ^ ti r j& -5 mmmitm ^m^-t^ 
mimm^jim t , ^mm ^^^■t^z.inz^^j m-mmm ^mm-t^ ^mmmm 

[0 0 2 8] 

i^m^m^t-t^zmzj: *j, m^(D±<7)mmm^m<mmizmmm^m^mm 
tsfei?). ^^m(Dmi(D^^m<i^mm.^mmzmmx^^. 

[0 0 2 9] 

im±izt>t^-oxmn^¥~ hnm^m^-t^^- hmmmmnimt^^^izm 

[0 0 3 0] 
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[0 0 3 1 ] 
[0 0 3 2] 

^tiz^v. m^(D±<D7.^ •:r^m<Dm:^<7>mmiziii mmitm^mi^mti^ 

[0 0 3 3] 

m2®^#^^gicj:^i:, 7.i^=^-^-f^tm<D±\zm-^^=y^zrm.m^moU 
m\zmmx%^. 

[0 0 3 4] 
[0 0 3 5] 
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[0 0 3 6] 

m3(D^^m^mm(7)mm:^miz^^t. m mmitm^mi^m(D±iziBi^^j^ 
Bmm.mzmmmim^m-m.'t^tc^. ^^nmoym^oy^ma^^mu^mmzm^ 

[0 0 3 7] 
[0 0 3 8] 

mtm^mi^mizMLxmm(D4:ty^^A^nfji\'^istti^^mmm^n^jtoj:m^ 

[0 0 3 9] 

mmm^m^t-t^^tizjiiij. mm^iziu mmtm^^mii^mti'^mm-^tixr^s 

[0 0 4 0] 



1 1 
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[0 0 4 1 ] 
[0 0 4 2] 

[0 0 4 3] 

mi (a) Rv^mi (b) }it:^^m(Dmi(Dmmmmizm^G siN^mit^m 

MHEMTT^oT, (a) ( b ) ( j; ( a ) I b - I b ^ 

^Cfe^•j•S^®^^$:^LTV^-g>„ 01 ia) jLXJ^mi (b) {C^t-<fce)(C, :2fs:|| 
mmmizm^ HEMT it. m^it. S iC*^^^■^>a®l l±lC^;RL;^GaN 
^ifi#^^jc*^^^^?g'f^MJ|!cl 2 Ail, mmmimi 2 A^MHtCGaN^^f^^^: 

ti^mit-^tixfji^mmm'itmi 2 b 2i§:^ltva-5,„ 

[0 0 4 4] 

1 3 a ^^-t^^- hnmi 3 ^, ^y- hmm 1 3 ®>f- h;g:&f6i{i!i(Z)i^{i!igp 

[0 0 4 5] 

^r-e, t^&3f5(D:>l i^-:$3^ilMH EMT i::$:||Jg?^^{C'0^^^^bi>lt§?H EMT 
EI2 4 tt«e5fe®^-9-:$3^il§![HEMTSrmL^^iKi^^<0^ffi=K^$:^LTVA^„ 
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ffiMi 2 2 ii. mm^Mi 2 2(D±izm^^nt^m^(Dyi-~^ y^mmi 23^ 
. f^'\imi 2 2 tmrn^iB^K^mmtiyBy h^mm-t^tyBv h^mmi 2 

4 tti^W'f^ti'X^^^, rr-eii, h^mmi 2 4tim2 3 (a) ic 

^■t^f^ffiLgp 1 0 4 a iim-r-So ^(Dmisim^it. m2 5(D^^f^m^u^^ 

^'--e^tlS. ^(Z)J;e»tC, 02 3 (a) Mm2 3 (b) ^C^f t^^Jf^c^)^ ■9'^'' 
ilMHEMTtt>y'- h«Sl 0 4 ©af^mbgP 1 0 4 a -!^:$}-||$ tlfe G a N 
^^^^-Sy-^^y ^'tJS 1 0 2_h{c?^^$tiTv^S3ti?), >f- hMl O 4 c?)6[^tB 

L^i 0 4 a tA^yyrmi 0 2 i: (Z)g^M>?)^i/ 3 h^mmtfjiv. 

[0 0 4 6] 

3 N=^«@i 3 nm^m^i 2 A±(D^-^y^mmi 4 t(Dm(Dm}±-mm 
(nA) :t~^-(DmmLi}^^nf£^K 

[0 0 4 7] 

-So -tJ^;*?-^, ^^5fl(Z)^-9-^^ilMHEMTlCfeVNTtt, >?f- 1 0 4 ® ^[^ 
mbSPl 0 4 a^C^CSU-^«^t^Cj:oTH°>5^:^7#'I4*^^Mt:LTV^S- t 

[0 0 4 8] 

MT<D^oiz^- h«^®5[^ffiL/gp 1 3 aizisii^^v -^mmtim^'^-r. tf 

> ^ ^ 7 # '14 ( C -g H E M T # ^ 3 i: ^ -5 c 
[0 0 4 9] 
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mi 2Ai:^^iii mmitm^m^ coaN) ^i^a^mmz^^jm^^tix^^^^ 

0 2(Z)±Si:7b^^:^^|^MgP{Cj: ^)^- VnMl 0 4 75)^^-t3Jtl-5>, V^fc^^>'5^^5J 

*SI»M{i^(Z)jft*'^^<, ]^VAMtt$:5l^-r-5r 

[0 0 5 0] 

Wn^mV^^yVTs^ (MESFET) ^^'rnA>(Jr^-''^ VyyVT.^ (HB 
[0 0 5 1] 

[0 0 5 2] 

JSAT, fffta® J;e)^C«^S$tlfcmfb:$7^||MHEMT<Z)ig^t^^£^Cc)V^T0®$: 
[0 0 5 3] 

04 (a) -1114 (c) (a) -0 5 (c) \%^mmi^m\zWi^mit 

^mm. H E M T ® Sgjt ® JCMm © 5^ L T V a -g, „ 

[0 0 5 4] 

*-r, 04 (a) lC^-^i:-5{C, MX-lSm^^^Xtf ^dri/ (MBE) jS&MVa 
S i C:^^e>^-5>S« 1 1 (7)±IC, G a N/A 1 G a N(Z)^M^!f^ 1 2 

[0 0 5 5] 

r^JC. 04 (b) {C^^J:e>fC, MAli<fc^6?J^=m^:R (CVD) ?5&XttMB 
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[0 0 5 6] 

814 (c) {C^i-i:e){C, aJil*! 2JitC'^am2 1 
[0 0 5 7] 

«ky> vS'M^i 2 A^rsmb, 05 (b) {c^t-i:e){c, mmmM 

U y ^J?*^ >'^^$:MV>T, 2 A®_h{C, ^tl^tlT i /A 1 7b^^35^S 

:r- ^ 1 4 S:3@#ltf^{C?^^-r 

[0 0 5 8] 

mz. 0 5 (c) tc^-rj:e){c, ^«^^^>*uy^'^:7^'^$:Mv^T, mmR 
mi 2 A(Z)±{c, ^y^m^ii 4<z)r4{c-^;n^nKPg$:^3< ^^{c^e^m 

mmi 3 ^mmmizm^-t^o :r.(Dmt. 0^^±LTv^^v^7t)'!, MffiMJ§ici2A 
<D±:f^j^zj^mmmz'^-hmmi 3Rn=^yi'-^y^mmi ^^-^^^x^mz. 

[0 0 5 9] 

m^tm^mi^^'t<Dtt.mit^'&^^}nzj:i)m^'i^m^n^ji^x^^^. ^z.x 

, «rffB©<J;e){c?^fig$ti;t?S'M^i 2 A i:ijie^®?fbl^ i 2Bi:(Z)^^raiMI# 

[0 0 6 0] 
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1 l±izmjk^^l^r^. m-^iy^m l O O nm(DA 1 Ni)^^/^^A^yyrm3 1 , 
m-^tims IX m©X1SG a N 4^ 3 2, J?$7b^i^2 nm(DK'l4A 1 G 
^'HfS^^U^'m^WWm^ 3, ^$/0^i{!lj2 5 nm(7)nMAl GaN*^e>^-5l|2 
I^M3 4M;S:t>*ji:$*^^3 nm^m'ffiA 1 G a N 3 I^MM 3 5 ICJ: U 

[0 0 6 1] 

0 7lia»^l 2 5:9 0 0 -C ®^^#H^-e^^{l.ll&^f^ o fel^^jjifi^MM 

i:, '^WiS^m 1 0 0 n m®i^a®Ef(:Jl:^^?^^$tl, 4 ^r^(Z)^^gi$: 
f?^e> ^MJPlir^2 0 0 nm^;&-5„ SI 6 {C^-^ J: HEMT®|^Mji3 3 

-3 5®BMj?liiSi^3 0 nrnT'^-Sfe^?), /^^MM 1 2 BCDj^JPtt 1 0 0 n m 

[0 0 6 2] 

•5= t^^oT, 0 7^t>*H8®M^:<)^e>, M1IMM:^)^9 0 o°C(Z)^-^lcii, 
[0 0 6 3] 

[0 0 6 4] 
[0 0 6 5] 

H E M T (DmrnMrn 1 2 a li^^^ajc j; o r -e cDS^^'S^^^Mb l r ^ 

±-t^r=.m. l\Z^y^) ny (Si) $:MV^T^^•So 

[0 0 6 6] 

09 (a) -09 (c) li*|lig?^M{C'0^SHEMT®>r-i>"3i«^:0'3^ (A 
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ES) ^miz^^mm(D^-^:^};^(Dm^(D-:fuyT4;iX'$>^x, 09 (a) it 

(mmm^tmi 2B) eiq (b) itmmti^mi o o nm<Dumm2 nz 

„ r^-e, #,f([|tt-9->:/;KO*®*Ne5®^S (nm) Mliffi*f# ( 

[0 0 6 7] 

09 (a) izm-t^z)iz. m'^^mmziB\.^xm^mm<Dmmi^i 2(Dmmt,^ 
i^^^nx\^^z.t.f)^^ts^^. z.<Dm-^a)mmmitmi 2 B(Dmm\t.m 1 0 0 n 

TClX^^o 

[0 0 6 8] 

^fe, 09 (b) \z^-tiio\z. s iti^i^t^^umm2 ix'^:^^-^tir=.'^']& 
m.mi 2 Alt. umm:2 i(D±m<Dmitf)mm-^n^^<D(Dumm2 1 t^S'M 

i^i 2 Aii<D^m(DBL]^^r£<. 09 (c) \z^\-^^^mM(D':ruyT^)hiilt 

[0 0 6 9] 
[0 0 7 0] 
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H!)m^(cm-3) 


1. 4X1013 


1. 5X10^3 


^tb^ (cmVVs) 


741 


766 



[0 0 7 1 ] 
[0 0 7 2] 

[0 0 7 3] 

V^ "^7 31 >}/ h 31 ^ > ^* Sr^f ^ o T ^ o 
[0 0 7 4] 

01 oi±Msi^®^MM2 1 nmmm^tmi 2 b ^(©^ii^tcji^'^rc^y h 
aM2 1 itm^izx.v^y^-^n^ti\ mmmimi 2 B^i^$i:^ifx^y^>^ 

S tl T V ^ i^H ^ ^ *^ S „ 

[0 0 7 5] 
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[0 0 7 6] 

m (BHF) X'&i\\tii<. mtiy')::iyr:&t\,\%Wimm(D^or^mm^^t^m 
[0 0 7 7] 

hrj^tf^^mm-t^. ^^i^m\t. 04 (a) \zm-tmm^^^:Lnt.mA (b) 

[0 0 7 8] 

01 1 \t^m%^l 2 A±{cj^^3 4xfe;r-^ >y A(Dny^^ h^Jit 

S:TLM (Transmi s s ion Line Method) l^\Z^ U fF#f b 
f^WWi^^^^hX^^^o Z.Z.X\t. 4<7)ipg$:J^l 0 0 /imi: 

L, >y ^57^^ 1 4 ©raUS?: 2 m, 4 m, 6 a mS.t>' 8 /tt mCD 4 j1 U 

i:LTv^^3 ^7^, mm-i^^Mm<Dry=^~rmM(Di^m^m.^\^. mmt.it 
y=^-rmM^m\^t=.m^h^^m(Dm^(DmM(Dm^\%mtm—x^^). ^s-s 
mis-. ry=^-rmM^mhr^m^\iX^mM(Dm^hit^x2> o%m.m%^Wi.h 
cm^ ti^m^Sint^m^^-ttt^. ry'^~rmm^m\^t=.m^\z\.%. sx 
A(Dmm(j^mitm^<Dmnmis^'^^^t\^xmm\:-^n^r^i^t.^xibn^o 

[0 0 7 9] 
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[0 0 8 0] 
[0 0 8 1 ] 

012 it:^^m(Dm 2 (Dmmmmizm^ g a N^^^fls^atc^t-^ ^t.^^^ 

|Hl±®ra{cigtt^n7tx^^'<^'M4 1 i:^cglif$tlTv^^„ 

[0 0 8 2] 

*^4 2(Z)^M_tlC^3fr^-g>X^^-r >^fl^4 1 {Cli. 5=-^y >'"?^figMJ|!c4 0<Z)tfi 
>^^V'Y^'fI^4 1 (Z)^>y ^?^^«4 0M®MSS{Ctt, a»#:4 3 Aj^^M 
[0 0 8 3] 

t^&5l5(Z)G a N^4^##:iSfi{C&oT«, X^^>r^'fl^4 1 ®MjaBIS:^)^G a N 
L*>b^:«J^?3. :*:^]^J^^®;m^m4 4 li, ^$^^1^4 4 ^^-^^^;^)^^^ 

M6ir{c:^^vA, G aN^^mii^timit^tixt^^^mmmm^: 3B<D±izm^^ 

4^TV^^^^^), a^g4 2 S:^ -/^i: jc^^mt-'Sl^tc, «M^4 3A^^«4 2 
[0 0 8 4] 

J3 ^ :^ ^ ^ -r >^^(^ ^ i: ;^ ^ ^ y« ® irg h i:b^ L 



2 0 
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[0 0 8 5] 
[0 0 8 6] 
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